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1.0 BACKGROUND

This report presents new graphical analysis of data originally collected and analyzed by Bertoni (1967).
Bertoni’s study started with a pilot program conducted from April 1965 to October 1966 to collect actual
inflight line-of-sight (I.OS) observations. In a pilot program, 72,(XX) obscrvations were gathered and
described by Bertoni. Results of this program provided genuine insight into problems related to Air Force
reconnaissance, and search and track, and also provided an initial understanding of the "sceing”

environment in which some military electro-optical systems would have to function,

It was determined from the pilot program that realistic estimates of the probability of clear, cloud-free,
and hazy lines of sight could be derived from a large sampling of actual inflight observations. Such
estimates are required in systems design for determining the utility of optical and infrared weapon, search,
track, communication, and target detection systems. The estimates are also required for operational

planning.

Consequently, a major effort carried out over a 5-year period from 1969-1974 was initiated. The data used
for this paper were the data gathered during the subsequent follow-on program (Bertoni, 1967). The new
graphical analysis of the LOS data presented here is meant to provide easily understood statistical

information on the effects of cloudy and hazy 1.0S.
2.0 THE DATA BASE

The data base, known as the S-year Bertoni LLOS data base, consists of 265,280 inflight observations that
were mostly obtained over the Northern Hemisphere. Altitudes of observation were generally between

5,000 and 40,000 feet inclusive, although some observation heights exceeded 45,000 feet.

The observations were obtained using a clinometer during flights (sec Figure 1 (a)). This instrument was
used to read cltoudy 1.OS at a specific inclination angle. The observer would position the instrument at the
specified angle etched onto the transparent swivel inside the clinometer and observe the cloudy 1.OS. If
no clouds were seen, the sighting would be marked 1" for clear; if clouds were observed, the sighting
would be marked "2" for cloudy. If hazc was scen, the sighting would be labeled "3." For each

observation, cloudy LOS was recorded at inclination angles of 0° (horizontal view);, 30° and 60° (i.e.,




viewing toward sky); -30° and -60° (viewing toward ground) as shown in Figure 1(b). Most of the

observations were centered around the midseason months (January, April, July, and October).

Each sighting has a number of parameters associated with it. These parameters are day, month, year, time,
latitude, longitude, and altitude.

Because a tristate (cloudy, clear, and hazy) approach was used when assembling the data, two versions
of the original data set werc assembled to derive the graphical analysis presented here: one with hazy
counted as a cloudy LOS condition and the other with hazy counted as a clear 1.OS condition. In some

cases, there are differences significant between the two analyses.

These data were originally tabulated and assembled on punched cards. Card images of the data were then

transferred to magnetic tape using the tape structure outlined in Table 1.

T=%le 1. Tape Structure Used To Transfer Data to Magnetic Tape

Tape Number M8892 (copy=M9488)
Tracks Nine
Density 1,600 B.P.1.
Label None
Files One
Logical Record 40 ASCH 8-Bit Characters
Block Size 4,000 Characters

The data format of a single 40-character logic record on tape is shown in Table 2.

Table 2. Data Format of a Single 40-Character Logic Record on Tape

Format Description
12 Day
12 Month
12 Year
4 Time (HHMM) GMT
15 Latitude* 100 (0° S to 180° N)
15 Longitude® 100 (0° to 360° W)
i5 Altitude (feet)
s Cloud cover indicators for inclination
Angles 0°, 30°, 60°, -30°, -60,° respectively
May have values 1 = clear, 2 = cloudy, 3 = hazy
Blanks are missing data values
10X




3.0 GRAPHICAL ANALYSIS

Two statistics are graphed in this report. The first is the probability of a cloudy LOS.

The second statistic is the correlation between lines of sight at different viewing angles. Thus, there is a

correlation between 1.OS at each possible pair of angles for which data existed.

Figures 2 through 69 show graphical analysis of these two statistics for various conditions of altitude,

latitude, and time. Time is further stratified by seasons, months, and time of day (Sun time).

3.1 CORRELATIONS

Computed correlation values between lines of sight at vanous inclination angles in the graphical analysis
are tetrachoric correlations. This is the appropriate type of correlation for a variable that is dichotomous,
i.c., cloudy or clear. A computer program to compute these tetrachoric correlations was implemented.
Occurrences of cloudy or clear events encountered in the 1.OS data at given inclination angles were
compared with LOS conditions scen at other angles and were tallied by the program into 2 x 2
contingency tables. On completion of the tallying process, the contingency tables were sent through a
tetrachoric correlation algorithm, Section 3.2, that computed the correlation for each given angular
condition. Ten different line fonts were used on the graphs to represent the 10 correlation curves
associated with each given angular condition. Thus, correlation of 1.OS conditions at 0° and -60°, -30°,
30°, and 60° inclination angles are shown (then 30° and -60°, -30°, and 60° followed by 60° and -30° and
-60° and finalty -30° and -6()°). Correlation curves representing each given angular condition are labeled
on the right side of each graph at an ordinate position closest to the last ordinate position of the respective
curve. A typical label like CORR (30, 60) simply means the correlation curve for LOS events between

lines of sight at inclination angles of 30° and 60°.

3.2 TETRACHORIC CORRELATION

The tetrachoric correlation is a quantitative measure of the relationship between two dichotomous
variables. The tetrachoric correlation is defined as the correlation in a bivariate normal distribution that
would be produced if the continuous normal variables observed were reduced to binary variables by the

continuous variable being above or below a threshold. These binary variables can be displayed in a




2 x 2 contingency table. In Table 3, the letters a, b, ¢, and d arc representative of the number of cases in
each group.

Table 3. Contingency Table

Below Above
Below a b
Above c d

Perhaps the following simplified example may give insight to tetrachoric correlation.

Suppose cloudy or clear LOS was determined only by measuring relative humidity along the LOS.
Suppose relative humidity along the 1.OS was normally distributed, and whenever the line averaged
relative humidity exceeded a threshold, a cloudy LOS would occur. Now, if all that can be observed is
cloudy or clear, can we calculate the correlation between line weighted relative humidity for separate lines

if the original continuous variables are joint normally distributed? Tetrachoric correlation does exactly that.

Many approximations of the tetrachoric correlation have appeared over the years. For example, Panofsky
and Bricr (1965) give as the formula for the tetrachoric correlation

1
sm[2 “od < be bc (n

This approximation is accurate when both variables have been dichotomized at the median. However, large

inadequacies (>20%) can occur where the variables have been dichotomized near the extremes.

This basic equation, ¢ ¢.(1), is derived Irom the first term of a Taylor series. Additional terms were added
in an algorithm written by A. Bochm of Hughes STX Corporation, which yields a highly accurate
estimation of correlation. A FORTRAN version of the algorithm is presented in Appendix A.

3.3 PROBABILITIES

Derived probability values that are used 1o define probability curves of cloudy 1.OS are simply computed
by tallying the number of times cloudy or cloudy-hazy conditions were observed at one of the observing
inclination angles and dividing the total by the total number of obscrvations. This probability is labeled
on the ordinate of each graph as PROBABILITY (CLOUDY/#DEGREES), which means probability of
cloudy LOS given the inclination angle, 0°, 30°, 60°, -30°, or -60°. (The slash [/] on these graphs

4




represents "given." The traditional vertical bar for representing "given" was ot available on the digital
plotter used to generate the graphs.) The probability curves are labeled on the right side of the graphs at
an ordinate position close to the last ordinate position of ¢ach curve. The label PROB (/-30) means
probability curve of cloudy 1.OS given an observed inclination angle of -30°. The probability of a clear
1.LOS given one of the observable inclination angels is simply 1.0) minus the probability of cloudy 1.0S

at the same angle.

3.4 ALTITUDE

Figures 2 through 7 show correlation curves of cloudy or clear 1.OS conditions between inclination angles
at categorized altitudes of 0 to 5,000 ft, 6000 to 10,000 ft, and so on through category eight, which is
36,000 to 40,000 ft. The ninth category was used for altitudes above 40,000 ft. Two graphs using L.OS
data archived for all latitudes were produced. The first represents results from the archived L.OS data that
were modified to consider hazy LOS conditions as cloudy conditions, and the second shows results from
the archive where haze was considered a clear condition. Graphs are also presented showing results for

1.OS data observed at latitudes above 30° N and 30° S.

Figures 8 through 13 show probability curves of cloudy I.0S at given inclination angles of -60°, -30°, 0°,
30°, and 60° for the same sequence of altitude and latitude categories mentioned above. This set of graphs

clearly demonstrates the effcct of the presence ol haze along the LOS.

3.5 LATITUDE

Figures 14 through 25 show correlation and probability curves of L.OS conditions for 16 latitude
categorics. Because of sparse data sampling in the Southern Hemisphere, the category from -10°-)°
actually includes all observations taken in that hemisphere. The next 13 categories are at S-degree intervals
from the equator to the latitude of 65° N. The 14th category combines values from 65° N-75° N, and the

last interval combines values from 75° N-90° N.

The graphs are further stratified into three altitude groups consisting of all altitudes, low altitudes (less
than or equal to 10,000 ft), and high altitudes (greater than 15,000 ft). Again, two sets of graphs were

created for each parameter group, one with hazy equals cloudy and the other with hazy equals clear.




3.6 TIME

Figures 26 through 69 show graphical analyses of correlations and probabilities of LOS conditions

between inclination angles for seasons, months, and Sun times.

3.6.1 Season

The seasons are comprised of four full 3-month intervals consisting of spring (March, April, and May),
summer (June, July, and August); fall (September, October, and November); and winter December,

January, and February).

The results (Figures 26 through 29) were generated using 1.OS data at all latitudes.

3.6.2 Month

The analysis by month was done in an attempt to find more detail not seen in the larger seasonal analysis.
Unfortunately, most of the sightings were centered around the midseason months January, April, July, and
October. The end result, Figures 30 and 31, is a group of points with a very small number of observations
and four data points that are quantitied. Because of this, the distribution of the data could not satisfy a
two-parameter analysis (e.g., altitude and latitude). Instead, additional individual analyses were done,
Figures 32 through 49, for latitudes greater than or equal to 30° N, between 30° S and 30° N altitudes less
than or cqual to 10,000 ft, and finally for altitudes greater than 15,000 ft.

3.6.3 Sun Time

Sun time was defined as mean solar time. Mean solar time takes longitude and Greenwich Mcan Time

(GMT) into account. It is calculated by the equation

ST=GMT - _A_ 2
15
Where:
MT = Greenwich Mcean Time
A =  Longitude in degrees West
ST =  Mean Solar Time




(Negative STs are adjusted accordingly.)

Figures 50 through 69 show correlation and probability curves of 1.OS conditions for the Sun time
parameter. The curves are generated by combining 1.OS data for both altitude and latitude parameters as

defined at the top of cach graph.

4.0 SUMMARY

The graphs presented in this report show the variations of probability and correlation of LLOS at given

angles as a function of altitude, latitude, season, month, solar time, and haze.

These graphs are invaluable in designing, planning, and implementing the use of U.S. Air Force optical
and infrared sensors because the use of these sensors can be significantly affected by the presence of

clouds or haze.
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APPENDIX A

FUNMCTION TETRA A, 1, 2. D)
PREERFFFRAF YRR SRR FEFEEEXLREL TR R EX R TN RN
URIGINAL TETRA FUNCTION WAS Wizl iITEN IN BASIC

RBY AL BOEHM OF ST GYSTEMS. THIS P ORTRAN YERS1GN
WAS ADARTED FOR THE CDC CYBER L@ &IT COMPOUTER

By J. . WILLAND, ST GYSTEMS, U @) /057605,

FARAMETERS A, K, C. D MARY BE EITHEK NORMALLZED Linenre

OR QUM CORINT S,

REF. ROEHM 1976 1TRANSNORMALTZrD RECGRESSION PRUORPGE D

AWSTR-7%-259. P34,
R s T 2 T R e S S AT S S R I ST SEI TR R
DATAHA /3. 1410336530

R3304
SORT (A#D)
BU=SORT (B
LR CAD. L G, QL ORVBE. LE, @, o 130 TD 29D
e s BLRST (UM SE e s i e
REIN=EBTIMFPT/ZZ. ¢ (CAD-8BC 4 (AD+RC) )
Re=REIN
XM=+ R4 D
Pl= a0 /XN
SR MUORM (1)
= AR /XN
L3ps T NN PGS
ANy X
R1=in,
| AR S I PSRt O
S -r D SR { “I,"'HR " 1VE GDL‘J[ I[],’\) e e e e e e o

DU 1R K1, 25

D@=FLNORM (HQ. QK. R) -AN

LECARG (DY L LT, 1. @E--7) 60 Tu "9
IF(ARS(DO-D1) . LT. 1. RE-7)GOTU 99
R=F~D@x (R1-R) /7 (D1-Dd)

ITRIERS S
IFGRBS(R) . GE. 1. W) R=(SIBN (R, R) +RB) /.
IV e r MR
93 VE R
RE L UIRN
END

St




imneOo

i
|

L
C
(W

CFUNCTION TFUNC (HR. )

3

R

10
11

DATA F1/3.1415926536/
I I NI I I AN
BINORMAL SECTOR INTEGRAL.

REF. YAMAUTI. (1972): START. TABRLES AND FORMULAL WL VA ZOME

ﬂ‘ﬂLICﬂT{BNG: JAF STAT. BLUT. HROLRAM 15
U KT IR AW e
IF(ABRS (MR L LE. 1. QE-S0) G0 TO e
AR1=RARS (R)
H1=HQ
IFAL.LT.. 1. )60 10 2
H1l=A1+*H0
Al=1, /A1
[STSESBE JEB
Hid=H1%H1 /2.
D1H=AL0OG (HH)
SumMa=gXF (—~HiH)
SuMi =1, ~SUumc

FACT=0. @
G=~0A

DO 1@ J=1, 8@
PN

FACT=FACT-RALOG X)) +D3 -1
SUME=SUMZ+EXF (~HH+FACT)
LG (1, —SUMS) / (& %X 11,
SUM =SUML+C
IFCABRS (D) o LT. 1. 2100 B0 10 1)
H=—5%AA
CONT (NUE
PRING 10@, HE, A
FORMAT (" TRUNC H0 A", 3F1@. 4, 1X. "DID W7 i RGE. )
T=(ATANCAL) ~SUMI %A1 / (&, *F 1)
IF (AES(AY . LE. 1.2) G0 TO 19

AA=FNORM (~HR)

FIH=FNORM (~H1)

T= (AA+HH) %, 5 -ARXHH~T

FAALLT.@e @) Yam f
TEUNC=T
60 T 99
TRUNC=ATAN (A) 7 (Z. *F i)
RETURN
END

FLURNCTLON VR HNGD chg By 20

YT ET2I RIS SR L 2 2 2 2 2 8

AvOIDS DIVISION BY 2. R0,

TR TETETITI LIRS LR L8 X 2 3

IF(ARS(C) LT, 1088 ~3) THEN
Y=SIbN(B,B)*(t.m~DNDRM(QBb\H)))/ﬁ.
TEUINCEZ=Y

EL St
TFUUNCZ=TFUNC (AL /70D

Fidb e

Pi- RN

D

A-2

- [}
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FUNC Y TON 1PNMORM (E)
LR L FI E TR T RS B 2L B R L L Rt
END 10 SROBARILITY
CAMULAT 1V NORMPL.,
INTEBRAL QF THE - TENDRARD NORMAL DT VRIGUTION
FROM CINFINLYY T L.
FEF . AUERAOMOWT T paND LTEHGUN L1 s HIRNDROOM OF
METHL FUNGTT TRIME,  NBS, EQe e .. 1
LA RS R 2R 2 D B R R L SR L] -.l-*i- LR
A=ABS (R

Fs OO RL BELEARGLE-6xA+0. 1QDS17E- 3) #1030 I6HETEE - S ¥ 5, 4800

X#fyto, ZO7VE
R=fiew (=16
IFr (. G7. .M A=1. ~A
FMIIRY = 5
RET LI
S

EVRA+T, ZRATHIEE-Z) QAT L 4, 27 ETBE =)

Fudiie 7 10N 1S 0RRM ()
XS T AL ST S EELEE L 2L T AL L L L 1
FROBARTLITY 70 EQUIVALENT NORMAL DEVIATE (END)
PG ABL L, A STAT 26 1977 118,
INVERSE COF STANDARD NORMAL DISTRIKUT ION
IMNTEGRATION FOUND IN FNURM.
L322 XL ST S LSS L REL S 2 22 XX &3
[BES S
TF CORS (D) . BV, Q. 42)5B07T0 L@
INECINE S )
R ({10, 44126%R+41. 3912) #R-180. 615 #R+Z, SQ5H283) -
X (LS. L3NACIFER T L. B6ESZH) ¥ R4TE, ARER7) ¥R—-8, 473911 %74 )
ENORY=R
RETLIRN
TF (U LR Q.1 THEN
Rzafs
L
R=1.—k
ENDIF
IF AR LV. L, @50 R=1, @E- S
RaGORT -G (R)Y )
R (00, Sl LI EERY4, (Y014 0) #R-2,0 39 7IES) aRrl—3. 787187 /
x (L1 . BEA7QRERER+S, DHH89; ®¥ix+1.)
IF (G L Mo ) THEN
ENORMe R
ELSE
EMURM=R
END I
T LERN
END

FUNC T 10N SUNDRM (D, V. RO




*******i***-l_'** L2 AR I 22T S SR X R 2L 2 X 8 2 R SR E L S S
COMPUTE THE INTEGRAL OF !HL kIVARIATE NORMAL
DISTRIRUTION UF TO LIM{T4 2 aND V.

REF OWEN., 138Q: A TRELE 0OF NORMRKRL INTEGRAELS.
COMMON STATISTICS, ~SIMUILA-COMPUTA, .
B3(4), 389-4139, EQ 3.1.

DATA PI/3. 1415326536/

IF(ABS(L .LT.1.@E-8 .AND. ABS (V). LT.1.QE-8)6L0 .0

H=~—U

XK==V

Y= (PNORM (1) +PNORM (X)) /2.

IF(H.LT. @, . AND. XK. BE. @) Y=Y -, 0

1IF (XK. LT. . . AND. Ho BE QL ) Y=Y—-. 5

Y=Y--TFUNCE (H. XK-R¥H, H®*SURT (1, —-R*R) ) -

X TFUNCE (XK, H=R* XK, XK#SERT + 1. ~R%R))

FLNORM=Y

RETURN

999 FLNORM=, ZT+RSIN(R) / (2. ¥ 1)

RETURN

END

EMu OF FILE

nocoon

A-4




